Summary. The temperature-dependent opalescence caused by the presence of a zinc-precipitable protein (ZPP) in boar seminal plasma has been shown to be pH-dependent.
INTRODUCTION
In previous papers (Boursnell Roberts, Boursnell & Brown, 1974) , investigations into two opalescence phenomena occurring in boar seminal plasma have been reported. Much of the opalescence at normal temperatures has been shown to be due to specific precipitation of a basic protein by the zinc naturally occurring in the seminal plasma. This zincprecipitable protein (ZPP) was shown to be closely similar to, if not identical with, the seminal haemagglutinin described earlier (Boursnell & Coombs, 1966; Boursnell, 1967) .
The second opalescence phenomenon, also zinc-dependent, is an increase seen when seminal plasma is cooled to temperatures below about 12°C. This has been termed cold opalescence. Preliminary studies suggested the possibility of the presence of a temperature-sensitive substance, separate from ZPP, in seminal plasma. Further investigations, reported in this paper, have failed to show the presence of such a temperaturesensitive substance; cold opalescence seemingly can be attributed to ZPP and to critical zinc and hydrogen ion concentrations and possibly also to the effect of citrate combination with seminal plasma proteins as suggested by Roberts et al. (1974) .
Investigations described in the two earlier papers on zinc opalescence had presented other problems which required solution before progress could be made. Two of these, the effect of pH on the opalescence system and the degree of sensitivity of seminal plasma to pH changes on standing, are largely solved in this paper.
MATERIALS AND METHODS

Collection of samples
Seminal plasma was prepared from fresh semen collected from boars housed at the Animal Research Station. The whole semen was filtered through a nylon sieve to remove the gel. Centrifugation (12,000 g) at 15°C removed the spermatozoa from the supernatant seminal plasma, which was used fresh or stored immediately at -25°C.
Pig blood plasma was obtained from fresh citrated blood by centrifugation as above. Samples were dialysed before use as described.
Nitrogen determinations
A micro-Kjeldahl method was employed and the ammonia was determined as described by Boursnell, Hartree & Briggs (1970 
Dialysis
Visking cellophane tubing (Scientific Instrument Centre, London) was used.
Gel-filtration
This was carried out as described by Roberts et al. (1974) , using a column (2-5 30 cm) of Sephadex G-200 (Pharmacia, Great Britain Ltd, London) and a pH 4, I = 0-3 acetate buffer (Miller & Golder, 1950 (Herriott, Anson & Northrop, 1947 Demonstration of cold-opalescence using purified zinc-precipitable protein Fractionation of the zinc-precipitated material from boar seminal plasma on a CM-cellulose column gave two distinct peaks. The second peak contained all the detectable ZPP. Further fractionation of this peak, using the 100 to 500 mM-NaCl gradient, resulted in a very small peak eluting first, followed by a large peak containing ZPP. The 100 to 300 mM-NaCl gradient enabled the latter peak to be resolved into a very small non-active peak followed by three poorly resolved large peaks all of which contained ZPP. Refractionation of the ZPP peaks on a column (2 cm 100 cm) using the same gradient gave an identi¬ cal result (Text-fig. 4) fig. 4 . Absorbance of fractions obtained by elution of zinc-precipitable protein from a CM-cellulose column by using a linear gradient of 100 to 300 mM-NaCl in 2 mM-EDTA, 20 mM-tris, pH 8-5, buffer. The added sample was obtained from boar seminal plasma after precipitation by zinc acetate followed by three successive passages through similar CM-cellulose columns at pH 8-5. The fractions were divided into seven groups as indicated.
Groups 1 and 2 were shown to have less than 1% of the zinc-precipitable and haemagglutinating activities eluted from the column. Each of the Groups 3 to 7 showed strong zinc-precipitable and haemagglutinating activities. Groups 3 to 7 were tested for temperature sensitivity in the presence of 1-95, 2-00 and 2 5 mM-zinc acetate after adjustment to pH 8, and all showed increased opalescence on cooling. They were then combined and the resultant solution was used for studies on the effect of zinc concentration and pH on cold opalescence. (Text-fig. 6a ). (Boursnell & Briggs, 1969; Lavon & Boursnell, 1971 ) that the majority of the seminal plasma proteins are notably basic.
As with the majority of proteins (Herriott et al., 1947; Tanford, 1950) , there is a paucity of radicals titrating between pH 7 and 9. This lack of buffering capacity in the physiological range (pH 7 to 9) also applies to whole seminal plasma. Relatively, it differs little from that of the dialysed material (11-0% and 9-9%, respectively, of the mequiv. of titrant required throughout the range pH3-5 to 11).
In the present study, the cold opalescence observed in samples of seminal plasma was seen to vary markedly with pH. The maximum cold opalescence in seminal plasma was observed at pH 8-0 to 8-5. This may explain why Bours¬ nell, Nelson & Cole (1966) The preliminary investigations on the nature of the cold opalescence led them to suggest the possibility of the existence of a tempera¬ ture-sensitive factor in boar seminal plasma that combined with ZPP and zinc to give rise to cold opalescence, since the purified ZPP prepared by column chromatography apparently was not itself temperature-sensitive. In the present work, this suggestion has been further investigated and studies with the purified ZPP showed that its temperature-sensitivity was indeed dependent upon very low and critical concentrations of zinc ions in the pH range 7-3 to about 8-5 (Text-fig. 6a ). In the previous study, where increments of more than 0-5 mM-zinc were employed, the necessity of these low concentrations was not understood.
The observation that a separate temperature-sensitive factor appeared to be unnecessary is supported by the finding that cold opalescence could be observed in all the zinc-precipitable seminal plasma fractions prepared at 37°C, room temperature and at 4°C. Moreover, gel filtration fractionation of seminal plasma showed that the ZPP-containing region could be made to demonstrate cold opalescence under the above conditions. This was not enhanced by mixing with groups from any other region of the fractionation pattern.
From observations on the effect of citrate on the cold opalescence observed with seminal plasma fractions (Text- fig. 3b) When considering the zinc concentrations used in the present study, note should be taken of the 2 mM-EDTA present in the buffer. This was routinely introduced in order to eliminate the possibility of deleterious consequences of the introduction of trace metal contamination from glassware or reagents. showed that zinc is chelated by EDTA in prefer¬ ence to ZPP, and that there is apparently a stoichiometrical relationship between the EDTA and zinc present in seminal plasma. Thus, the actual concentration of zinc available to the ZPP is determined by the exact concen¬ tration of EDTA present. The fact that the concentrations of zinc which induced opalescence varied slightly around 2 mM was due presumably to the slight metal contamination mentioned above, which would effectively lower the binding capacity of the EDTA for the added zinc. In our past researches involving the trace metal zinc, we have found that contamination from washed glassware and other sources is rarely, if ever, greater than 0-1 part Zn/106 (approx. 0-013 mM).
Although the occurrence of cold opalescence on the scale exhibited by boar seminal plasma has not been observed in the seminal plasma of other species, it is interesting to note that fractionation of human seminal plasma has shown the association of zinc with high molecular weight protein (Eliasson & Lindholmer, 1971) . The relationship of this material to the zinc-sensitive boar seminal pro¬ tein is unknown at present.
